Abstract -Aims: The main aim of the study was to test the moderating effect of two genetic polymorphisms, one in the dopamine D2 receptor gene (DRD2) and one in the mu-opioid receptor gene (OPRM1), on the link between parental rule-setting and adolescent alcohol use. Methods: A total of 214 adolescents (M age = 13.7, 44.9% male) provided saliva samples and completed survey items describing alcohol use and parental rule-setting. Results: Findings indicated that alcohol-specific parental rule-setting was more robustly associated with alcohol use for adolescents with the DRD2 A1 risk allele and for those with the OPRM1 G-allele. Conclusion: This study replicates the interaction between parental rule-setting and the DRD2 risk allele on adolescent alcohol use and extends the literature by demonstrating the moderating effects of the OPRM1 risk allele on the link between parental rule-setting and adolescent alcohol use.
INTRODUCTION
Family studies in the 1970s already showed that relatives of alcoholics run an increased alcohol-dependence risk (Winokur et al., 1970; Schuckit et al., 1972) . The fact that this risk remained similarly enhanced for children of alcoholics who were adopted into different families suggests a genetic component in alcohol dependence (Goodwin et al., 1974; Cloninger et al., 1981) . From patterns of concordance among monozygotic compared with dizygotic twins, it is known that 40-60% of the variance in alcohol dependence is explained by genetic factors (Liu et al., 2004; Goldman et al., 2005) . Twin studies of adolescents' alcohol use initiation, frequency of drinking and problem drinking demonstrate comparable patterns of explained variance by genetic factors (Viken et al., 1999; Cleveland and Wiebe, 2003; Hopfer et al., 2003; Rhee et al., 2003; Pagan et al., 2006; Poelen et al., 2008) . For example, Viken et al. (1999) found that 56% of the variance in frequency of alcohol intoxication among 17-year-olds was explained by a heritability factor.
In attempts to unravel the specific content of this genetic factor, the TaqIA polymorphism (rs 1800497 CT) in the dopamine D2 receptor gene (DRD2) has been a key candidate [The frequently genotyped Taq1A polymorphism has been shown to actually lie in the gene adjacent to the DRD2 gene; the ankyrin repeat and kinase domain containing 1 (ANKK1) gene (Neville et al., 2004) ]. As alcohol enhances dopamine (DA) levels in the brain, variation in the dopaminergic system may cause different inter-individual responses to alcohol. The DRD2 TaqIA A1 (T) allele has been associated with reduced dopamine D2 receptor availability and dopamine-binding capacities in the brain (Thompson et al., 1997; Pohjalainen et al., 1998) , which may cause DRD2 A1 allele carriers to compensate for this reduced state of reward by the use of alcohol (Noble et al., 1991; Blum et al., 1996) . Although the Taq1A single nucleotide polymorphism (SNP) has not been identified in genome-wide association studies (GWAS) of alcohol dependence, several candidate gene studies and meta-analyses did offer support with respect to alcohol phenotypes (e.g. Noble, 2003; Munafò et al., 2007) .
[In addition, GWAS of alcohol phenotypes have had their own share of problems in terms of phenotype definition, power and sample size and replication attempts (see e.g. Bierut et al., 2010 and for a comment Ziegler et al., 2008) . Additionally, environmental factors and gene-environment (G × E) are generally not included in GWAS, which may explain why some SNPs do not reach significance, or are not replicated. Therefore, it may be ill-advised to consider GWASs a gold standard for complex polygenic phenotypes such as alcohol (ab)use (Caspi et al., 2010).] Another polymorphism that has been implicated in the modulation of the DA system is the 118A>G SNP of the mu-opioid receptor gene (OPRM1). The presence of the G-allele has been associated with increased hedonic reactions to alcohol use (Ray and Hutchison, 2004) , increased mesocorticolimbic activation after a prime dose of alcohol (Filbey et al., 2008) , craving and an approach bias following exposure to alcohol-related cues (Van Den Wildenberg et al., 2007; Wiers et al., 2009) .
As genetic factors do not 'operate in a vacuum' (Rutter and Plomin, 1997) , environmental factors need to be included in order to understand why people initially use alcohol during their adolescent years and why they may develop heavy drinking behaviors. Shanahan and Hofer (2005) propose that social environments may act as a control factor that suppresses or prevents genetic expression. In other words, environmental influences may modulate children's dispositional tendencies (Dick et al., 2007 ; see for an example, Berman and Noble, 1997) . Alcohol-specific rule-setting by parents has proved to be a consistent predictor of adolescents' alcohol use initiation and their progression into regular drinking (Jackson et al., 1999; Yu, 2003; Van der Vorst et al., 2005 , 2007 Van der Zwaluw et al., 2008; Van der Zwaluw and Engels, 2009 ). For example, Van der Vorst et al. (2005 , 2007 have demonstrated in cross-sectional and longitudinal studies that imposing strict alcohol-related rules was associated with youngsters starting to drink later and less heavily. A first attempt to examine a gene-parenting interaction was recently brought forward by Van der Zwaluw et al. (2010) . They showed that the DRD2 A1 allele interacts with parental rule-setting in predicting adolescents' initiation of drinking. Adolescents with the DRD2 A1 allele were more likely to start consuming alcohol if their parents were indulgent toward alcohol use than those without the DRD2 A1 risk allele.
Although the need for empirical G × E research has been stressed by many scholars, the number of published empirical studies is still quite low (see, Van der Zwaluw and Engels, 2009 for an overview). Those studies that do report G × E interactions are often difficult to compare because of the prevalence of certain genotypes, as well as differences in exposure to environmental measures and sample characteristics (Caspi et al., 2010) . This heterogeneity also makes G × E interaction studies notoriously difficult to replicate (Lander and Kruglyak, 1995) . Since many of the published G × E findings have not been replicated, there exists the possibility of some of them comprising false-positive results. Moreover, some scholars have reported explicit evidence against the initial G × E interaction effect (see e.g. Munafò et al., 2009) , although consensus has not been reached on this topic (Caspi et al., 2010) . Nevertheless, to substantiate original G × E findings, and to enable future meta-analyses of G × E studies, G × E replication studies are essential (Van der Zwaluw and Engels, 2009 ). In the current study, we examined associations between the DRD2 TaqIA polymorphism, the OPRM1 polymorphism, parental rule-setting and alcohol use in early adolescence. In accordance with Van der Zwaluw et al. (2010) , we expect an interaction between DRD2 genotype and parental rule-setting. Adolescents carrying the DRD2 risk (T) allele are hypothesized to be more vulnerable to parental rule-setting: these adolescents are expected to drink more alcohol when parental rule-setting is low than adolescents homozygous for the non-risk (C) allele. In addition, we expect that adolescent carriers of the OPRM1 G-allele are more susceptible to rule-setting compared with those without the G-allele.
METHODS

Participants
The sample included 196 adolescents (46.9% male) with a mean age of 13.7 (range = 12-16 years, SD = 0.89). A total of 41.3% had a college-preparatory level of education, 26.5% an intermediate or basic level, 9.2% of participants had a vocational level and 23% of participants did not provide a definitive educational track; in the Netherlands, a definitive choice for a certain track is not made until after second grade. Procedure Data were drawn from a larger study assessing genetic and cognitive risk factors associated with adolescents' alcohol use. A total of 725 from 1215 students from four schools agreed to participate by returning an informed consent form signed by themselves and by their parents or caregivers. The participants were administered questionnaires by trained research assistants in classrooms during regular school hours. Participants in three of the four schools (n = 378) also donated saliva samples for analyzing several genetic polymorphisms associated with alcohol use. In the present investigation, participation is limited to adolescents between 12 and 16 years of age, for which questionnaire and genetic information were available. This resulted in the exclusion of 133 adolescents who were older than 16 years, 22 adolescents who did not complete the questionnaires and 9 adolescents whose saliva sample was of poor quality. The current sample consists of 214 adolescents from that group that provided additional questionnaire data. A total of 196 of them came from families with two Caucasian parents and are therefore the focus of the current study. Ethical approval was given by the Dutch Central Committee on Research involving Human Subjects (NL16827.097.07). For a more extensive description of the procedure of the overall project, we refer to Pieters et al. (2010) .
Measures
Adolescent alcohol use Adolescents completed four items describing the amount of alcohol they consumed during weekdays, on the weekend, at home and outside home (Engels et al., 1999) . Answers on the four items were summed to create a measure of weekly alcohol use. Adolescents reported drinking on average less than one glass of alcohol in the week preceding the study (M = 0.60; SD = 2.84; range 0-35 glasses). Three participants reported drinking more than six glasses of alcohol in the previous week. These scores were replaced with values representing 2 SDs above the mean (in the current sample: five glasses) to reduce the skewed distribution of this measure.
Parental rule-setting Adolescents completed 10 items describing their perception of the rules that their parents set regarding alcohol use (Van Der Vorst et al., 2005) . Examples of these items are: 'I am allowed to drink a glass of alcohol when my mother or Table 1 . Parental rule-setting 1 I am allowed to drink alcohol at home when my father or mother is around 2 I am allowed to drink alcohol at home when my father or mother is not around 3 I am allowed to drink more than one glass of alcohol at home when my mother or father is around 4 I am allowed to drink more than one glass of alcohol at home when my mother or father is not around 5 I am allowed to drink as much alcohol as I'd like outside the house 6 I am allowed to drink alcohol with my friends at a party 7 I am allowed to come home drunk 8 I am allowed to become drunk when I go out with my friends 9
I am allowed to drink alcohol in the weekend 10 I am allowed to drink alcohol during the week father is present' and 'I am allowed to drink a glass of alcohol when my mother or father is absent' (Table 1) . Response categories for each item were: (a) 'Not applicable to my situation at all', (b) 'Hardly applicable to my situation', (c) 'Somewhat applicable to my situation', (d) 'Applicable to my situation' and (e) 'Definitely applicable to my situation'. Cronbach's alpha was 0.94. The 10 items were summed and averaged to create a continuous measure ranging from 1 to 5. Items were recoded so that a higher score reflected a stricter parental attitude toward alcohol use (M = 4.56, SD = 0.69).
DRD2 genotyping
The DRD2 TaqI A C>T polymorphism (rs 1800497) was genotyped using a commercially available Taqman assay (assay ID: Taqman assay: C_7486676_10; reporter 1: VIC-A-allele, reverse assay; Applied Biosystems, Nieuwerkerk a/d Ijssel, the Netherlands). Genotyping was carried out in a volume of 5 µl containing 10 ng of genomic DNA, 2.5 µl of Taqman Universal Mastermix (Applied Biosystems) and 0.125 µl of the Taqman assay solution. Genotyping was performed on a 7900 Fast Real-Time PCR System and genotypes were scored using the algorithm and software supplied by the manufacturer (Applied Biosystems).
A total of 66.3% of the participants were homozygous for the C-allele of the DRD2 polymorphism and are further referred to as the non-risk group (A2A2 genotype). The rest of the participants (33.7%) were carriers of at least one T-allele and therefore classified as member of the risk group (A2A1 and A1A1 genotypes) (cf. Bau et al., 2000; Van der Zwaluw et al., 2010) . Of these participants, 29.1% had one T-allele and 4.6% were homozygous for the T-allele. The HardyWeinberg equilibrium for the DRD2 polymorphism in our sample indicated that proportions in our sample conformed to the population (C 2 = 0.22, P = 0.64).
OPRM1 genotyping For the determination of the OPRM1 A118G (rs 1799971) genotype, we refer to previous work by Pieters et al. (2011) . A total of 149 participants were homozygous for the A-allele, while 50 participants carried at least one G-allele (46 AG genotype, 1 GG genotype). Allele frequencies were in Hardy-Weinberg equilibrium (C 2 = 0.55, P = 0.46). (1) = 2.27, P = 0.17 for DRD2 and χ 2 (1) = 0.13, P = 0.72 for OPRM1].
RESULTS
Descriptives and correlations
A total of 35 adolescents reported drinking at least one glass of alcohol in the previous week. Adolescents with the Table 2 . Both the DRD2 and the OPRM1 genotype correlated positively with alcohol use, meaning that individuals with a risk allele drank more alcohol compared with individuals without a risk allele in this sample. Alcohol-specific rule-setting correlated negatively with weekly alcohol use, meaning that a stricter parental attitude toward alcohol was associated with a lesser amount of adolescent drinking. The OPRM1 genotype correlated negatively with alcohol-specific parental rule-setting, implying that individuals with an OPRM1 risk allele had more permissive parents. Age correlated negatively with alcohol-specific rules and positively with alcohol use. All other correlations were non-significant.
Linear regression analyses
Two hierarchical linear regression analyses were performed using alcohol use as a dependent variable. In the first analysis, gender, age, DRD2 genotype and parental rule-setting were included in Step 1, and the interaction between parental rule-setting and DRD2 genotype was entered in Step 2. Results are shown in Table 3 . The four main effects explained a significant proportion of the variance in weekly alcohol use (R 2 = 0.45, P < 0.001). The effects of DRD2 genotype (b = 0.37, SE = 0.14, P = 0.01) and parental rulesetting (b = -0.43, SE = 0.08, P < 0.001) were significant, but were qualified by a statistically significant interaction Gender was coded as 0 = male, 1 = female. DRD2 genotype was coded as 0 = homozygous for the A2 (C) allele, 1 = carriers of at least one A1 (T) allele. OPRM1 genotype was coded as 0 = homozygous for the A allele, 1 = carriers of at least one G-allele. A higher score on alcohol-specific rules represents a stricter parental attitude toward alcohol. Means are given for quantitative variables. *P < 0.05; **P < 0.01; ***P < 0.001 two-tailed tests.
that explained an additional 8% of the variance on adolescence alcohol use (R 2change = 0.08, P < 0.001). Follow-up tests of the simple slopes (Cohen et al., 2003) showed a more robust association between parental rule-setting and alcohol use for the DRD2 risk group (b = -0.86, SE = 0.12, P < 0.001) compared with the non-risk group (b = -0.22, SE = 0.09, P = 0.01; Fig. 1 ).
In the second analysis, gender, age, OPRM1 genotype and parental rule-setting were entered as predictors in Step 1 and the interaction between parental rule-setting and DRD2 genotype was entered in Step 2. The model explained a total of 54% of the variance in weekly alcohol use, with predictors in each step accounting for a statistically significant amount of explained variance (Step 1, R 2 = 0.50, P < 0.001; and Step 2, ΔR 2 = 0.04, P < 0.001). Main effects emerged for OPRM1 genotype and parental rule-setting, but these were qualified by a statistically significant two-way interaction (Table 4) . Follow-up tests of the simple slopes indicated a more robust association between parental rule-setting and alcohol use for the OPRM1 risk group (b = -0.70, SE = 0.12, P < 0.001) compared with the non-risk group (b = -0.16, SE = 0.08, P = 0.04; Fig. 2 ).
DISCUSSION
The current study shows that lenient parental rule-setting is associated with increased odds of alcohol use in young people, particularly for adolescents with the DRD2 riskgenotype. These findings are in line with the results from the Van der Zwaluw et al. (2010) study. However, it is important to stress that our cross-sectional study is not an exact replication of their study, since we used different, though correlated, phenotypes. In addition, results from Van der Zwaluw et al. did not show a main effect of DRD2 genotype on alcohol use. As Flint and Munafò (2008) argue, there is an overrepresentation of significant effects in published papers and thus a risk of false-positive findings. Therefore, it is pivotal that with an independent sample, we found the same pattern of findings as reported previously. This paper also confirms the results of several studies in the Netherlands (Van Zundert et al., 2006; Van der Vorst et al., 2007; Spijkerman et al., 2008; Koning et al., 2009) and in other Western societies (Jackson et al., 1999; Yu, 2003; Wood et al., 2004) showing the strong impact of alcohol-specific rule-setting on early onset of alcohol use. In addition, we showed that the effects generalized to another genotype previously associated with alcohol. That is, we found a stronger association between rule-setting in the adolescents with at least one OPRM1 G-allele compared with those homozygous for the A-allele.
According to Sullivan (2007) , findings from replication studies should be interpreted with extreme caution, since false-positive findings are likely to be replicated. He argues that replication studies must be identical to the original study with regard to phenotype, SNPs and direction of association. However, others have argued that phenotypes and modus operandi of replication studies are allowed to be different, as complementary information from various sorts of studies can increase scientific inference (Caspi et al., 2010) . We would like to emphasize that the findings from this study should be interpreted with care-as in the case of any study that aims to test an already published G × E findings in a different sample-and that more research is necessary to substantiate our results. Nonetheless, this study, together with the Van Table 3 . Linear regression analysis predicting weekly alcohol use from gender, age, DRD2 genotype and alcohol-specific rules
Step 1 Gender was coded as 0 = male, 1 = female. DRD2 genotype was coded as 0 = homozygous for the A2 (C) allele, 1 = carriers of at least one A1 (T) allele.
Step 1, R 2 = 0.45, P < 0.001.
Step 2, R 2change = 0.08, P < 0.001. Fig. 1 . Interaction between the DRD2 genotype and alcohol-specific rule-setting on alcohol use in adolescents.
der Zwaluw et al. (2010) report, might also be considered a starting point for this line of research in the G × E literature. Research on G × E interactions and alcohol consumption is in its infancy. A recent review on existing literature revealed 13 empirical studies that examined G × E interactions related to alcohol phenotypes in humans (Van der Zwaluw and Engels, 2009). These studies covered a range of genetic polymorphisms including dopamine transporter and receptor genes, serotonin receptor genes and opioid receptor genes and a variety of environmental stressors. Further, the heterogeneity in outcomes made it very difficult to systematically compare findings across studies in order to draw more definite conclusions. Hence, although replication of our findings is imperative, we consider it essential that in replication studies, as much attention is paid to the measurement of the environmental factors as to the genes or outcomes (Moffitt et al., 2005; Caspi et al., 2010) . We, for instance, focused on a specific parenting practice namely alcohol-specific rulesetting, and when replication is done with other (but related) parenting practices such as parental control, monitoring or punishment, it is very likely that different, incomparable patterns of findings may occur.
According to Moffitt et al. (2005) , it is pivotal to assess environmental risk factors precisely and reliably by using: (a) proximal measures of environmental pathogens, (b) multi-informant data and (c) developmental-specific assessments and (d) by noticing cumulative effects of environmental influences. First, in the context of gene-parenting associations related to alcohol use, this implies that in normative samples, parenting practices should be assessed that are closely linked to the outcome (Engels and Bot, 2006) . Thus, alcohol-specific parenting practices should be preferable assessed rather than general parenting styles (e.g. Darling and Steinberg, 1993) . Moreover, longitudinal research revealed that more proximal measures of parental control are more strongly related to initiation of drinking and progression to more advanced stages of drinking than measures of general parental control (Van der Vorst et al., 2005 , 2007 Van der Zwaluw et al., 2008) . It is likely that interactions with genetic markers are more easily traceable when examining concurrent measures of environmental factors than prospective measures. Second, future research should include both parent and child perspectives on parenting, preferably with expert opinions of parent-child observations of the parenting practice examined (Bakermans- Kranenburg and Ijzendoorn, 2006) , in order to draw more definite conclusions. Third, the measure we used to assess alcohol-specific rule-setting is developed to tap parenting behaviors dealing with early adolescents' potential engagement in alcohol use. It is likely that when studying parenting behaviors pertaining to middle or late adolescence-in the Netherlands the majority of teens consume alcohol in middle adolescence, in particular in contexts with peers out of direct control of parents-other assessments of rule-setting should be applied. These assessments might rather comprise parental efforts to communicate and set rules related to restrict heavy episodic drinking (Kuntsche and Gmel, 2004) , associated problems and problem drinking (Van der Zwaluw et al., 2008) . Fourth, cumulative experiences with parents are likely to affect outcomes as well. This suggests incorporation of multiple assessments of parenting (not only rule-setting, but also management of peer drinking and affiliations with drinking peers (Mounts, 2001) , regulation of outdoor activities and curfew (Mahoney and Stattin, 2000) and frequency and quality of communication on alcohol matters (Mares et al., 2011) in future longitudinal studies. Obviously, effective and age-appropriate parenting has to be considered in its cultural Gender was coded as 0 = male, 1 = female. OPRM1 genotype was coded as 0 = homozygous for the A allele, 1 = carriers of at least one G-allele.
Step 1, R 2 = 0.23, P < 0.001.
Step 2, R 2change = 0.04, P < 0.001. Fig. 2 . Interaction between the OPRM1 genotype and alcohol-specific rule-setting on alcohol use in adolescents.
DRD2, OPRM1, alcohol-specific parental rule-setting and alcohol useand societal context. In the Netherlands, where adolescents are legally allowed to consume light-alcohol beverages at the age of 16, parental goals and efforts to deal with underage drinking are different from those from most parents in, for example, the USA, where drinking any alcoholic beverage is not allowed before the age of 21. In sum, these aspects related to assessments of environment in G × E studies show that replication studies are definitely needed but rather complex to conduct, especially when samples from different cultural contexts are used. Several caveats must be acknowledged. First of all, longitudinal testing is required to test whether the interaction effect remains significant when predicting alcohol initiation. Second, in line with Van der Zwaluw et al., we used selfreports of adolescents on both parenting and alcohol use measures. Although self-reports might be subject to over-or underreporting of alcohol use due to social desirability, several studies have shown that when these biases are minimized such as asking adolescents to fill in the form individually, assuring confidentiality and not allowing them to discuss questions or answers with other family members, these reports form a reliable source of information . Regarding parenting, parent reports were not included in the present study. Still, we prefer adolescent reports to parent reports on parenting because (a) owing to social desirability and demand characteristics, parents often have too positive a view on their concrete parenting practices (Cook and Goldstein, 1993) , and (b) adolescent perceptions of parenting might be more important and also more strongly affect their own behaviors than the perceptions of their parents (Steinberg et al., 1992; Engels et al., 2001) . Nonetheless, future studies might benefit from including and comparing parent and child perspectives. Third, additional research is warranted examining whether parental alcohol use affects the associations found, as parental drinking might affect alcohol-specific rule-setting (see Mares et al., 2011) . Especially in matched case-control designs comparing children from alcohol abusing or dependent parents with controls, strong differences in associations with rule-setting might occur. In addition, parental drinking might affect the association between rule-setting and adolescent alcohol use.
Fifth, it might be that the DRD2 Taq1A polymorphism correlates highly with other functional variants in the DRD2 gene, or in other genes [i.e. is in linkage disequilibrium (LD) with another marker]. Future studies would benefit from thorough genotyping across the gene and taking into account the LD between the polymorphisms. In addition, that the TA SNP actually resides in an adjacent protein kinase gene (ANKK1; Neville et al., 2004) complicates the interpretation of the results, as its functional consequence is yet unknown. Ponce et al. (2008) found that DRD2 and ANKK1 were epistatically (i.e. in interaction with each other) associated with psychopathic traits in alcohol-dependent patients (see also Dick et al., 2007) . A suggestion for future studies would be to include SNPs in both DRD2 and ANKK1 and examine epistasis effects. Finally, another limitation is the small sample size. Although there was enough power to conduct the analysis, genetic association studies typically require large sample sizes.
Our findings on the impact of alcohol-specific rule-setting on drinking fits a recent line of research underscoring the importance of the role of parents in the development of adolescent alcohol use. A parent-oriented prevention program has been developed on the basis of this research. This program starts with a parent meeting at the beginning of the school year of secondary education (12-14-year-olds), in which rule-setting and permissive attitudes toward alcohol use are discussed. This meeting is directly followed up by a meeting with the parents of other students of the same class to reach consensus on a set of common rules (see also Koutakis et al., 2008) , and written information in a brochure. Further, adolescents receive an e-learning module on alcohol use at regular school hours. A clustered randomized trial showed positive effects of this combined program on juvenile weekly alcohol use and monthly drinking over 10 and 22 months (Koning et al., 2009) . Although the robust and profound impact of alcohol-specific rule-setting on the development of alcohol use across cultures and subgroups plead for universal prevention, the G × E interaction suggests that prevention efforts might be probably more effective in parents of children with the DRD2 risk-genotype, as those children are most likely to instigate drinking when their parents are permissive. While ethical considerations need to be taken into account to, for example, prevent stigmatization of the group identified (see e.g. Khoury et al., 2007) , research on specific risk groups for which prevention programs might turn out to be more effective (see Gillham et al., 2006; Stice et al., 2009 ) is relevant, as it informs us about the conditions under which primary prevention of substance use work (Holder, 2010) and because it increases the understanding of the mechanisms underlying effective prevention programs (Koning et al., 2011) .
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